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ABSTRACT 
 

To measure the impact of sheep manure (SM) levels, and application timing of SM with or without 
fertilizer nitrogen (urea) on maize productivity, an experiment was designed during kharif 2015 at 
Agronomy research farm, University of Agriculture Peshawar. The experiment was carried out in RCB 
design with split plot arrangement, having four replications. Sheep manure and its application times were 
applied to main plot, and N fertilizer (urea) were applied to subplot. SM were used at the rate of 3, 4 and 5 
t ha-1, incorporated 15 days before sowing and at the time of sowing, and N fertilizers at the rate of 0, 90 
and 120 kg ha-1. Plots receiving 5 t ha-1 SMproduced maximum plant height (182.50 cm), ears m-2 (5.7), 
No. of grains ear-1 (318.7), 1000 grains weight (241.1 g), and  grain yield (3402 kg ha-1). Plots treated with 
SM 15 days before planting produced maximum thousand grains weight (238.4 g) and grain yield (3099 kg 
ha-1). Application of 120 kg N ha-1 resulted in taller plants (184.58 cm), higher ears m-2 (5.8), number of 
grains ear-1 (324.9), 1000 grains weight (244.2 g), and grain yield (3448 kg ha-1.The AT x SM interaction 
significantly influenced grain yield. More increase in grain yield was observed from manure application 15 
days before sowing, in comparison to its application at sowing time. Likewise M x N interaction had 
significantly affected plant height, number of ears m-2, number of grains ear-1, 1000 grains weight, and 
grain yield. The yield components was increased with increasing N rates across all the SM levels being 
more obviously at 5 t SM ha-1 over either 3 or 4 t SM ha-1. The combined application of sheep manure and 
nitrogen was found more effective than sole application of either urea or sheep manure. 
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Introduction 

 
Maize botanically called Zea mays L. is the most important high yielding crop in the world. Its 

height is 1-3 m, developed into a single stem with alternatively arranged ten to fourteen leaves. Maize 
originated from Central America and then widely introduced in to the rest of the world after the discovery 
of America (Ezeibekwe et al., 2009). It is used in many indigenous and commercial food products such as 
cooking oil,  livestock feed and  raw  material for the industries like producing baby  foods, cookies, 
biscuits and ice cream (Khatoon et  al., 2010).  

Sheep manure contain high amount of primary macro nutrients and other essential nutrients for 
plants (Dekisissa et al., 2008). It increases the soil cation exchange capacity (CEC) and adsorbs more 
cations such as calcium, magnesium and potassium than sodium (Jalali and Ranjber, 2009). The use of 
organic matter positively influences vegetative and reproductive growth of plants (Shadanpour, 2011).The 
chemical fertilizers are so expensive that poor farmers cannot purchase it. Naturally available animal 
manure and plant residues can be used as an alternative cheaper source of synthetic fertilizers (Khan et al., 
2005). 

Application timing of manure is one of the most important factors that can affect nutrient utilization 
efficiency of the crop (Randall et al., 2003). It is a vital component for increasing nitrogen use efficiency 
and reducing nutrient losses (Thomsen, 2005). Early application of organic manure is important for 
nutrient synchronization with crop plants (Edmeades, 2003). To get optimum return from manure it should 
be applied to match with crop nutrients demand, too early application caused nutrient losses (Ozores, 
2012).  

Nitrogen is one of the macro nutrient needed by plant in large amounts. In cereals optimum 
nitrogenous fertilizer results in high crop productivity, high protein content, plumpness of the grain and 
vigorous vegetative growth. Because of its high mobility nitrogen lost from soil through leaching, and 
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runoff (Arif et al., 2010). Nitrogen is indispensable for maize plant, but at the same time it is costly and its 
overdoses are harmful to plants and contaminate ground water (Hopkins et al., 2008). To fulfill the 
requirement of the crop and to avoid losses through leaching and volatilization proper management is 
necessary (Le Gouis et al., 2007). 

The extensive use of chemical fertilizer had degraded soil fertility and lowered soil organic matter. 
An appropriate combination of natural and synthetic fertilizer is indispensable for retaining long term soil 
fertility (Shah et al., 2009). This experiment was designed to study the response of three sheep manure 
rates applied before or at sowing with different levels of urea fertilizers for maize productivity in the agro 
climatic condition of Peshawar. 
 
Materials and Methods 
 

An experiment on ''yield and yield components of maize as affected by integrated management of 
sheep manure and urea fertilizer'' was carried out at Agronomy Research Farm, The University of 
Agriculture Peshawar, during kharif 2015. The experiment consisted of three factors viz. sheep manure 
(M) (3, 4 and 5 t ha-1), application timing of sheep manure (AT) (15 days before sowing and at the time of 
sowing) and urea (0, 90 and 120 kg N ha-1). The experiment was designed in RCB split plot arrangements, 
comprised of four replications. Sheep manure and its application time was allotted to main plot, whereas 
urea N was allotted to the sub plot of size 5m x 3.5m, having 5 rows 70 cm apart. First treatment of sheep 
manure was applied 15 days before sowing, and the second at sowing time along with half of nitrogen 
doses in their respective plots. On 19th June 2015, the crop was sown with the help of seed drill. At knee 
height stand of the crop second dose of nitrogen was applied to their respective plots. The crop was 
irrigated when it was necessary. The following characters were studied during the trial period. 

Plant height was calculated in each sub plot as the distance between base of the plant near soil to 
the base of the tassel (excluding tassel) of five representative plants and was averaged. Number of ears m-2 

was calculated by counting the total ears of three central rows in each subplot and then converted to ears 
m-2 by using the following formula. 

 
Number of grains ear−1 were computed by counting number of grains in 10 randomly selected ears 

from each sub plot and then were averaged.1000 grains were taken randomly from seed lot of each 
treatment and then weighted with the aid of sensitive electronic balance. From each treatment three central 
rows were harvested, the harvested plants were then sundried, and threshed. The grains from each sub plot 
was weighed and then converted into grain yield (kg ha-1) using the formula. 

Grain yield (kg ha-1) x 10,000 m2 

 
 The data was statistically analyzed with appropriate ANNOVA using LSD at 0.05 level of 
probability (Jan et al., 2009). 
 
Results 
  
Plant height  
 
 Sheep manure and nitrogen rates had significant effects on plant height, whereas sheep manure 
application timing was found non significant (Table 1). Except SM x N and SM x AT x N all other 
interactions were found non significant. 

Sheep manure incorporation of 5 t ha-1 produced maximum plant height (182.50 cm) followed by 
the use of 4 t ha-1 sheep manure (179.63 cm), whereas the dwarf plants (176.88 cm) were recorded in plots 
having 3 t ha-1 sheep manure. Optimum plant height with increasing sheep manure levels might be due to 
nutrient retention in soil, improved soil properties and fertility due to microbial activity, and better 
environment for root growth and development (Fageria, 2012). Our results are in accordance with Iqbal et 
al. (2014) who founded that optimum plant height in compost treated plots was due to abundant and 
continuous nutrient provision to the root zone of the plant. Maximum plant height were observed in 120 kg 
N ha-1 (184.58 cm), followed by plots having 90 kg N ha-1 (179.50 cm), whereas the minimum plant height 
(174.92 cm) were measured in control plots. Maximum plant height due to higher N levels could be 
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attributed to the fact that N is a component of chlorophyll and enzymes necessary for photosynthesis, its 
higher levels might have increased the vegetative growth and stem elongation (Cechin and Fumis, 
2004).Taller plants obtained from higher nitrogen treatment were an indication of the fact that plant height 
is highly dependent on nitrogen availability. These finding are in accordance with Achieng et al. (2010) 
who observed taller plants from inorganic fertilizer, manure and combined use of manure and inorganic 
fertilizer. 

 
Table 1: Plant height (cm) of maize as influenced by combined application sheep manure and urea fertilizer. 

Sheep manure  
(SM, t ha-1) 

Application time of  
SM (AT, days)† 

Nitrogen rates (N, kg ha-1) 
SM x AT 

0 90 120 
3 

15 
 

171.50 179.50 182.25 177.75 
4 171.50 182.50 187.00 180.33 
5 181.75 174.75 189.25 181.92 
3 

0 
172.50 177.75 177.75 176.00 

4 174.00 179.50 183.25 178.92 
5 178.25 183.00 188.00 183.08 

 15 174.92 178.92 186.17 180.00 
 0 174.92 180.08 183.00 179.33 

3  172.00 178.63 180.00 176.88 b 
4  172.75 181.00 185.13 179.63ab 
5  180.00 178.88 188.63 182.50 a 

Mean  174.92 c 179.50b 184.58a  
†SM application was made 15 or 0 days before sowing  

  Interactions  P-values 
LSD0.05 for SM =3.54  SM x AT = 0.639 
LSD0.05 for AT = NS  SM x N = 0.014 
LSD0.05 for N   = 2.14  AT x N = 0.121 
  SM x AT x N = 0.024 

Means bearing similar letter(s) are statistically comparable within the same category using LSD test at P≤0.05. 

 
The SM x N interaction (Fig 1) indicated that increasing N had increased the plant height in plots, 

where 3 or 4 tons sheep manure were incorporated. However, the relative increase in plant height was 
higher in case of 4 tons SM ha-1 over 3 tons SM ha-1.  
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Fig. 1:  Interactive response of sheep manure (SM) and nitrogen (N) for plant height (cm). 
 
Moreover, in plots having higher sheep manure (5 tons ha-1) had produced taller plants in plots having only 
120 kg N ha-1, and no differences in plant height were observed in plots having no N or 90 kg N ha-1. 
Regarding the third order interaction (SM x AT x N), plant height was increased with increase in N rates 
across all the three levels of sheep manure when applied either 15 days before sowing or at the time of 
sowing (Fig 2). However, the increment in plant height was greater, when the sheep manure were soil 
incorporated 15 days prior to sowing in comparison to its incorporation at sowing time. The maximum 
plant height with combined use of sheep manure and N fertilizer could be due to balanced nutrient 
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provision from sheep manure, improved soil properties abundant N availability to crop, which might result 
in rapid cell division and elongation (Boomsma et al., 2009), promoted plant growth, internodes length and 
number which might have increased plant height (Chen et al., 2013). Our results are comparable with the 
experiment of Sarwar et al. (2008) who reported tallest plants from integrated application of compost and 
N fertilizer. 
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Fig. 2:  Sheep manure (SM), application time (AT), and nitrogen (N) interactive response for plant height 

(cm). 

Number of ears m-2 
 

Data perusal (Table 2) showed a profound effect of different rates of sheep manure, and nitrogen, 
on ears m-2 while application time of sheep manure was found non significant. Apart from SM x N all 
other interactions were found non significant for no. of ears m-2. 

 
Table 2.  Ears m-2 of maize as influenced by sheep manure and urea fertilizer. 

Sheep manure  
(SM, t ha-1) 

Application time of 
SM (AT, days)† 

Nitrogen rates (N, kg ha-1) 
SM x AT 

0 90 120 
3 

15 
 

4.2 5.0 5.5 4.9 
4 4.4 5.2 5.6 5.1 
5 6.1 5.0 6.5 5.8 
3 

0 
3.7 5.9 5.7 5.1 

4 4.7 5.3 5.3 5.1 
5 5.1 5.4 6.3 5.6 
 15 4.9 5.1 5.8 5.3 
 0 4.5 5.5 5.8 5.3 

3  4.0 5.5 5.6 5.0 b 
4  4.6 5.3 5.5 5.1 b 
5  5.6 5.2 6.4 5.7 a 

Mean  4.7 c 5.3 b 5.8 a  
†SM application was made 15 or 0 days before sowing  

Means followed similar alphabets in the same column are identical using LSD test at P≤0.05. 

 
Maximum ears m-2(5.72) were counted in plots receiving SM treatment of 5 t ha-1, while minimum 

number of ears m-2 (5.00) were recorded from 3 t ha-1 SM application which was statistically comparable 
with 4 t ha-1 SM application(5.08 ears).This increase due to higher sheep manure levels could be due to 
favorable soil condition and decomposition due to soil microbes (Dolan, 2006), timely and steady nutrient 
availability that might enhanced dry matter production, plant growth and plant physiological functions (Ali 
et al., 2012). These finding are supported by the finding of Achieng et al. (2010) and Baloch et al. (2015). 
Optimum ears m-2(5.81) was reckoned from plots where 120 kg N ha-1 was used. While smallest number of 
ears per m-2 (4.69) was recorded from control plots. This increased ears m-2 with higher N levels could be 

Interactions  P-values Interactions  P-values 
SM x AT = 0.602 AT x N = 0.103 
SM x N = 0.006 SM x AT x N = 0.392 
LSD0.05 for SM and AT  =      0.5,  NS LSD0.05 for N = 0.4 
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attributed to better vegetative growth, plant development, and root growth (Adami et al., 2012) obtained 
from increasing N levels. These results are strongly supported by Karasu (2012) who observed greater 
number of ears plant-1 with increasing nitrogen levels. The interaction SM x N (Fig 3) indicated significant 
increase in number of ears m-2 in3 and 4 t SM ha-1 with increasing N from 0 to 90 kg ha-1but further 
increase in N from 90 to 120 kg ha-1having no  significant differences for ears m-2. In case of 5 t SM ha-1, 
the number of ears m-2 decreased with increasing N from 0 to 90 kg ha-1, whereas with further increase in 
N from 90 to 120 kg ha-1, the ears m-2 increased. Combined sheep manure and N application produced 
maximum number of ears m-2in comparison to sole treatment of both sources. This increased response 
could be attributed to better nourishment of crop due to better plant nutrition, and desirable soil condition 
associated with manure application (Khaliq et al., 2004), that might had increased assimilates production 
(Baiyeri and Tenkouano, 2008), and increased number of cobs plant-1.Similar results were also 
documented by Verma et al. (2014) and Baloch et al.(2015) who obtained higher number of ears m-2 with 
incremental doses of manure, which was further boosted by combined use of natural and chemical 
fertilizer. 
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Fig. 3: Interactive response of sheep manure (SM) and nitrogen (N) for number of ears m-2. 
 
Number of grains ear-1 

Data analysis showed that number of grains ear-1 were considerably influenced by sheep manure 
and nitrogen rates, while application times of sheep manure were found non significant (Table 3). Among 
several interaction M x AT, M x N, and M x AT x N was found significant for number of grains ear-1. 

 
Table 3:  Grains ear-1 of maize in response to combined application of sheep manure and urea fertilizer. 

Sheep manure  
(SM, t ha-1) 

Application time of 
SM (AT, days)† 

Nitrogen rates (N, kg ha-1) 
SM x AT 

0 90 120 
3 

15 
 

248.3 323.3 330.0 300.5 
4 266.5 291.8 311.8 290.0 
5 328.3 321.3 345.8 331.8 
3 

0 
265.8 291.5 283.8 280.3 

4 308.8 283.0 341.5 311.1 
5 281.5 298.5 336.8 305.6 
 15 281.0 312.1 329.2 307.4 
 0 285.3 291.0 320.7 299.0 

3  257.0 307.4 306.9 290.4 b 
4  287.6 287.4 326.6 300.5ab 
5  304.9 309.9 341.3 318.7 a 

Mean  283.2 c 301.5 b 324.9 a  
†SM application was made 15 or 0 days before sowing 

Means having identical alphabet(s) in the same category are statistically alike using LSD test at P≤0.05. 

 

Interactions  P-values Interactions  P-values 
SM x AT = 0.060 AT x N = 0.211 
SM x N = 0.038 SM x AT x N = 0.037 
LSD0.05 for SM  and AT  =      21.0,   NS LSD0.05 for N = 14.2 



Middle East J. Agric. Res., 5(4): 522-533, 2016 
ISSN 2077-4605 

527 

Maximum grains ear-1 (318.7) were figured out from 5 t ha-1sheep manure treatment, followed by 
the application of 4 t SM ha-1(300.5 grains) while lowest number of grains (290.4) was reckoned in ears 
produced in plots having 3 t SM ha-1. Increasing sheep manure from lower to higher (3 to 4 t ha-1) had 
enhanced number of grains ear-1by 29.This enhanced grains number could be associated with enhanced soil 
physiochemical properties, improved root system, and organic matter decomposition (Ali et al., 2011), that 
might have increased N availability and resulted in higher dry matter production by leaves and their 
efficient translocation to ears. These results are in agreement with Farhad et al. (2009), Shah and Arif 
(2000) and Khaliq et al., (2004). Likewise higher doses of nitrogen (120 kg ha-1) developed greater grain 
ear-1 (324.9) compared to least grains ear-1 (283.2 grains) recorded in control plot. This increase might be 
due to higher rows and grains per row (Hokmalipour and Darbandi, 2011), probably due to higher dry 
matter production of leaves. These findings are supported by Khan et al., (2005) and Onasanya et al. 
(2009). The interaction AT x SM (Fig 4) showed that grains ear-1 were decreased with increasing sheep 
manure from 3 to 4 t ha-1 applied before sowing, while further increase in its rate up to 5 t ha-1 enhanced 
grains  ear-1. However at sowing time, the incorporation of sheep manure  (from 3 to4 t ha-1) increased the 
grains ear-1, however with further increasing up to 5 t SM ha-1, a slight decrease in grains ear-1 was 
observed. The SM x N interaction (Fig 5) depicted that higher levels of sheep manure (4 and 5 t ha-1) with 
increasing N levels (0 and 90 kg ha-1) did not increased significantly the number of grains ear-1, while with 
higher N levels (120 kg ha-1) a little increase was observed. In 3 t SM ha-1 a significant increase was 
recorded with N (from 0 and 90 kg ha-1), but having no increase thereafter. Regarding SM x AT x N 
interaction (Fig 6), Increasing SM incorporation from 3 to 5 t ha-1, the grains ear-1showed a linear 
increasing trend (control plots and 15 days before SM application), slight decreasing trend  (90 kg N ha-1 
and SM applied at sowing time) whereas the quadratic response were observed for other combination. The 
observed trends with increasing SM for 120 kg were opposite when SM applied before sowing and at the 
time of sowing. N in combined application with sheep manure produced highest number of grains ear-

1which was further aggravated by combining with SM application before planting. This increase could be 
due to slow release and constant provision of nutrients by manure through mineralization and favorable 
soil environment produced by manure (Baloch et al., 2015). These results are in line with the report of 
Verma et al. (2014). 
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Fig. 4: Interactive response of sheep manure (SM) and application time (AT) for number of grains ear-1. 
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Fig. 5: Interactive response of sheep manure (SM) and nitrogen (N)for number of grains ear-1. 
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Fig. 6: Sheep manure (SM), application time (AT), and nitrogen (N) interaction for number of grains ear-

1. 
 
1000 grains weight (g) 
 
 Data analysis indicated that 1000 grains weight (Table 4) was influenced by sheep manure, its 
application timing and nitrogen levels. Among various interactions, only SM x N, was found significant. 
 Mean values indicated that 5 t ha-1 sheep manure produced maximum 1000 grains weight(241.1 
g), while lighter grains (232.5 g) were obtained from 3 t ha-1 sheep manure application. The higher 1000 
grains weight from increased level of sheep manure could be due to greater leaf area and leaf area index 
produced by these plants probably due to improved aeration, aggregate stability, hydraulic conductivity, 
infiltration rates, and biological activities of soil as a result of manure (Dauda et al., 2008), that might had 
increased the dry matter production and its translocation toward the grains (Buriro et al., 2014).These 
results are similar to the experimental report of Farhad et al. (2009), and Akongwubel et al. (2012) who 
obtained heaver grains from increasing poultry manure amounts. Heavier grains (238.4 g) were recorded 
from sheep manure incorporation prior to planting than grains weight (235.1 g) obtained from manure 
application at sowing time. These results are opposed by Olofintoye (2010) who observed non significant 
increase in grains weight from application timing of manure, but supported by Omisore et al. (2009). 
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Likewise increasing nitrogen levels enhanced grains weight. 120 kg ha-1 nitrogen fertilization produced 
heavier grains (244.2 g) while lighter grains (230.4 g) were recorded from control plots. Increase in 1000 
grains weight with higher N levels was probably due to increased chlorophyll content associated with 
higher leaf area, which lead to enhanced photosynthetic rate, and ultimately higher assimilates available at 
grain filling stage (Manzoor et al., 2006). Khan et al. (2005), and Hokmalipour and Darbandi (2011) also 
reported similar results. The SM x N interaction (Fig 7) showed that 1000 grains weight increased 
significantly in all three levels of sheep manure (3, 4 and 5 t ha-1) with incremental N levels from 0 to 120 
kg ha-1. The increase in 1000 grains weight with 3 and 4 t ha-1 was linear, while in 5 t ha-1 sheep manure 
applied plots it first increased slightly from 0 to 90 kg ha-1, however from 90 to 120 kg N ha-1 the increase 
was abrupt.Integrated application of sheep manure and urea produced heaviest grains than sole application 
of these nitrogen sources. This increase could be related to enhance nutrient use efficiency and reduced 
nutrient loses from integrated use. These results are in support to those obtained by Shah et al. (2009) and 
Mohsin et al. (2012). 
 
Table 4:  1000 grains weight of maize as affected by sheep manure and urea fertilizer. 

Sheep manure  
(SM, t ha-1) 

Application time of 
SM (AT, days)† 

Nitrogen rates (N, kg ha-1) 
SM x AT 

0 90 120 
3 15 

 
232.3 235.0 242.3 236.5 

4 232.0 238.8 242.5 237.8 
5 235.5 237.5 249.8 240.9 
3 0 221.5 230.5 233.3 228.4 
4 227.0 235.5 244.0 235.5 
5 234.3 236.3 253.3 241.3 
 15 233.3 237.1 244.8 238.4 a 
 0 227.6 234.1 243.5 235.1b 

3  226.9 232.8 237.8 232.5 c 
4  229.5 237.1 243.3 236.6 b 
5  234.9 236.9 251.5 241.1 a 

Mean  230.4 c 235.6b 244.2 a  
†SM application was made 15 or 0 days before sowing 

Means having similar alphabet(s) within the same group are statistically comparable using LSD test at P≤0.05. 

 
Grain yield (kg ha-1) 
 
 Perusal of the data showed that maize grain yield was profoundly influenced by sheep manure, 
application timing of SM and nitrogen levels (Table 5). Among various interactions only AT x N and SM x 
AT x N were found non significant for grain yield. 
 Mean table showed that application of 5 t SM ha-1produced maximum grain yield (3401 kg ha-1) 
while minimum grains yield (2512 kg ha-1) was recorded from 3 t SM ha-1. This increased production of 
grain yield from higher level of sheep manure could be due to enhanced soil fertility that in turn had 
enhanced nutrient provision, for optimum plant growth (Ali, 2011), absorb essential nutrients such as Fe2+, 
Mg2+ and NH4+ cations, which are indispensible for enzymes activation and chlorophyll formation 
(Elhindi, 2012), increased organic matter, (Shadanpour, 2011). These improved soil properties might have 
increased yield components and hence the grain yield. The increased grain yield with increasing levels of 
manure was also reported by Farhad et al. (2009). Incorporation of SM 15 days before planting produced 
higher grain yield (3099 kg ha-1) than manure application at planting time (2748 kg ha-1).This high yield 
with manure application at before sowing could be associated with better mineralization of sheep manure, 
synchronization of nutrient release at proper growth stage, and long term soil fertility from higher rates of 
manure application before sowing (Olofintoye, 2010), that might have improved plant growth and yield 
components of maize. These results are in agreement with Omisore et al. (2009) and Thulasizwe and 
Simeon (2013) who observed higher grain yield from manure application prior to planting. Higher doses of 
nitrogen(120 kg ha-1) produced higher grain yield(3447 kg ha-1) than 90 kg ha-1 N (2981 kg ha-1) while  
lowest yield  grains yield (2341kg ha-1) was obtained from control. Increased level of N was found to have 
significantly enhanced grain yield. The conclusion of Radma and Dagash (2013) are in conformity to our 
finding who observed higher grain yield from increasing N levels. AT x M interaction (Fig 8) showed that  
 

Interactions  P-values Interactions  P-values 
SM x AT = 0.085 AT x N = 0.192 
SM x N = 0.015 SM x AT x N = 0.475 
LSD0.05 for SM and AT =      3.8,   3.1 LSD0.05 for N = 2.4 
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Table 5:  Grain yield (kg ha-1) of maize as influenced by sheep manure and urea fertilizer. 
Sheep manure  
(SM, t ha-1) 

Application time of 
SM (AT, days)† 

Nitrogen rates (N, kg ha-1) 
SM x AT 

0 90 120 
3 

15 
 

2066 3125 3117 2769 
4 2037 3090 3111 2746 
5 3504 3250 4591 3782 
3 

0 
1684 2893 2187 2255 

4 2342 2812 3752 2969 
5 2420 2717 3929 3022 
 15 2535 3155 3606 3099 a 
 0 2149 2808 3290 2749 b 

3  1875 3009 2652 2512 c 
4  2189 2951 3431 2857 b 
5  2962 2984 4260 3402 a 

Mean  2342c 2981 b 3448 a  
†SM application was made 15 or 0 days before sowing 

Means bearing identical letter (s) in the same column are comparable using LSD test at P≤0.05. 
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Fig. 8: Sheep manure (SM) and application time (AT) interaction for grain yield (kg ha-1). 
 
increasing the sheep manure from 4 to 5t ha-1had increased the grain yield when SM incorporation was 
made before sowing, however the grain yield at 3 or 4 t SM ha-1 was non-significant. Moreover, the 
application SM at sowing showed that increasing the sheep manure from 3 to 4 t ha-1had increased the 
grain yield, but no further increased was observed with increasing SM up to 5 t ha-1, Regarding SM x N 
interaction (Fig 9) it was observed that increasing N had increase the grain yield linearly in plots having 5 t 
SM ha-1. However, in plots having 4 t SM ha-1, increasing N up to 90 have no effects on grain yield and 
with further increased up to 120 kg N ha-1, the grain yield increased. Likewise, no differences in grain 
yield was recorded in 3 t SM ha-1treated plots, when 90 or 120 kg ha-1nitrogen was applied, but were 
significantly higher than those recoded in control plots. Combined application of sheep manure and 
fertilizer N produced higher grain yield than their sole application. The possible reason for this improved 
yield could be efficient mineralization of manure, with starter N to microbes available from urea, which 
might enhanced mineralization, thus ensured nutrient availability throughout the growing season, and 
enhanced soil fertility (Ali, et al., 2012), improved soil moisture, CEC of soil, provide a medium for 
adsorption of different nutrients, and improved activities of soil micro-organism (Sohi et al., 2009), that 
might resulted in higher yield component and ultimately grain yield. These results are in line with Shah et 
al. (2009), Mohsin et al. (2012), and Ogundare (2015). 

Interactions  P-values Interactions  P-values 
SM x AT = 0.014 AT x N = 0.962 
SM x N = 0.000 SM x AT x N = 0.086 
LSD0.05 for SM and AT  = 320,   261 LSD0.05 for N = 258 
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Fig. 9:  Interactive response of sheep manure (SM) and nitrogen (N)for grain yield (kg ha-1). 
 
Conclusion 
 

On the basis of finding obtained in the experiment it was concluded that, 5 t ha-1 sheep manure(SM) 
incorporation produced optimum yield and yield attributes in maize. Application of SM15 days before 
sowing had resulted in higher yield and yield component. Application of 120 kg N ha-1 boosted maize 
yield and yield components. The combined application of 120 kg N ha-1 and 5 t SM ha-1 produced 
optimum yield and yield attributes over the sole application of either SM or N or control. Based on the 
results of the study and conclusions drawn, it is recommended that 5 t SM ha-1 should be incorporated 15 
days before sowing, along with 120 kg N ha-1 for obtaining optimum dry matter, yield and yield attributes 
for maize (cv. Azam) in agro-climatic condition of the Peshawar.  
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